We investigated the effect of time, temperature, and the presence of sodium chloride, nitrates, and nitrites in the medium on the growth and production of enterotoxin B by Staphylococcus aureus. Assays by the double gel-diffusion method showed that m enterotoxin B production occurs at the beginning of the stationary phase of growth. Lowering the tanperature of incubation decreased the amount of toxin produced without affecting the total amount of growth. Increases in concentration of curing salts reduced toxin production more rapidly than cell growth. The relationship of these observations to food-poisoning outbreaks is briefly discussed.
Cured meats, particularly hams, have often been implicated in outbreaks of staphylococcal food poisoning (11) , and staphylococci are known to be capable of growth in the presence of pernissible and palatable levels of curing salts (1). In 1941, Segalove and Dack (18) showed (by the use of monkey-feeding tests) that enterotoxin production was apparently reduced when the incubation temperature was decreased, but quantitative studies of the effects of temperature, nutritional conditions, and other factors on toxin production, as distinct from total cell growth, have become possible only recently. Purification of enterotoxin B (17) has increased the availability of specific antiserum and thus has permitted a more critical examination of these factors. Genigeorgis and Sadler (9) revealed that enterotoxin B production in Brain Heart Infusion was detectable in media containing 10% NaCl at pH 6.9 . In their study, a quantitative measurement of the NaCl effect was impossible because NaCl affected the zone width in the single gel-diffusion tube test that they employed. Occasionally, they also observed that growth was influenced only slightly when toxin production had been eliminated. Also, other investigators have illustrated that nutritional factors (13) , some inorganic salts (8) , and streptomycin and chloramphenicol (8, 16) (3) . Also, this strain is serologically identical to the purified enterotoxin B produced by strain S-6, which causes vomiting and diarrhea in monkeys when fed orally (17) . In our experience, this organism decreased in enterotoxin production after repeated transfer. There- fore, when a culture failed to produce the expected titer in control flasks, a new culture was started from the stock. Stock cultures were maintained on porcelain beads (10) HgCl2 for this puirpose, it was important that we make the agar employed on slides for diffusion in accordance with the following arbitrary procedure. Sodium barbital (0.8 g) and NaCl (0.85 g) were mixed in 100 ml of distilled water and adjusted with HCI to pH 7.4. We added 1 g of agar (Difco) and dissolved it by direct heating, with constant stirring. As soon as the agar had melted completely, the preparation was transferred in 25-ml portions into bottles and autoclaved at 121 C for 15 min. Slight deviations from this routine (probably resulting in different final pH value) produced agar in which a heavy white precipitate appeared immediately upon addition of HgC12. Experiments in which varying concentrations of NaCl (up to 10%, w/v) were added to known concentrations of enterotoxin indicated that NaCl would not interfere with the sensitivity of the test.
Antiserum and reference enterotoxin. Rabbit antiserum, produced by injecting purified enterotoxin B from strain S-6 and yielding a single line with purified toxin (17) , was lyophilized and was stored at 2 to 4 C.
Reconstituted serum also was stored at 2 to 4 C, and it was used for periods up to 1 month. Reference enterotoxin for routine assays was a crude preparation produced by S. aureus ATCC 14458. We grew the culture in Brain Heart Infusion under aerated conditions at 37 C for 24 hr; the supernatant fluid was dispensed in 0.1-ml portions into screw-cap vials and was then lyophilized and stored.
REsuLTs
Enterotoxin stability under aerated conditions. Aerated cultures produced toxin more rapidly and in a larger amount than did static cultures (Fig. 1) . To determine the stability of the enterotoxin in an aerated culture we divided the supernatant fluid from an 8-hr culture containing a high titer of enterotoxin into four portions and treated it as follows: (i) no further treatment, (ii) filtered through membrane filter (0.45-Iu pore size), (iii) filtered through a Seitz ifiter (0.1-a pore size), and (iv) added Merthiolate to make a final concentration of 0.01%. The samples were reincubated on the shaker at 37 C for 40 hr. In 18 hr, growth appeared in the untreated sample and it was not assayed because any toxin present could have resulted from new synthesis. In the other three samples, the toxin titer was unchanged during 40 hr on the shaker at 37 C.
Relationship of cell multiplication to enterotoxin production. Figure 2 shows that enterotoxin was first detectable after 5 hr of incubation-at about the end of the exponential growth phase and about the time the pH curve shifted. The enterotoxin titer increased steadily for 16 to 20 hr, although cell growth by 7 to 9 hr had reached the stationary phase.
Inorganic salts and toxin production. Concen- trations of NaCl up to 10% had a relatively slight effect on total growth, but they caused a definite decrease in toxin production above 3% NaCl (Fig. 3) . Another medium that contained a casein hydrolysate as the nitrogen source was inoculated to determine whether the salt effect was related to the type of protein in the medium. Although enterotoxin levels were lower with the second medium, the rates of reduction in enterotoxin in relation to the NaCl concentration were comparable. permitted in cured meats) would affect either growth or enterotoxin production in broth. Table  1 indicates that combinations of the curing ingredients may have an effect at a lower salt concentration.
Effect of temperature. In an experiment in which frequent determinations were established during the first 85 hr of incubation at 20 C, we observed that the culture had reached the stationary phase between 55 and 60 hr, and toxin production had reached its maximal titer of 100 by 65 hr. The 37 C control had a titer of over 500. From another experiment (Table 2) , we showed that with prolonged incubation at 16 C and 20 C, total growth approached that observed at 37 C, but the production of enterotoxin remained low.
DIscussIoN
The ability of staphylococci to grow in the presence of curing salts (12) and at temperatures near 20 C to a cell density essentially equivalent to that of 37 C (18) has been known for many years. However, the data given in this paper emphasize that it is impossible to extrapolate the effect of these parameters on growth to a similar effect on enterotoxin B production. We recognized that the double gel-diffusion method for the detection of enterotoxin is only semiquantitative. Variations between experiments are commonly observed even though replicate deternminations within a given experiment usually agree quite closely. Nevertheless, it is apparent that, in relatively low concentrations, curing salts will reduce toxin production. Whether the effect of combinations of curing salts on toxin production is more than an additive effect is not clear. Likewise, when we lowered the temperature of incubation of a culture, the amount of toxin produced decreased more rapidly than did its growth rate. Future studies will establish whether the temperature effect is on enterotoxin synthesis or on its release from the cell.
The absence of detectable enterotoxin until the end of the log phase and its accumulation during the stationary phase of growth further indicate that enterotoxin production is not inseparably bound to cell multiplication. This observation, plus the appearance of enterotoxin after the shift in pH and the association of enterotoxin with only a relatively few strains of S. aureus, suggest that it is a secondary metabolite, like many antibiotics (2).
Applicability of the data we obtained with this strain of Staphylococcus isolated from a nonfood source to known food-poisoning strains producing enterotoxin B might be questioned. However, the ability of the enterotoxin B from strain 243 to cause an emetic response in cats and its serological identity to the enterotoxin that produces the typical food-poisoning syndrome in monkeys implies that it is typical enterotoxin B. Obviously, other strains that produce the same chemical entity might respond differently to the environment. Nonetheless, the effects shown in this investigation could have served to limit food-poisoning outbreaks, even though large numbers of staphylococci were involved.
